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SUMMARY 
The poultry industry of the United States loses several million 
dollars annually because of the marketing of dirty or improperly 
cleaned eggs. 
Evidence presented here shows that dirty eggs can be effectively 
cleaned by using solutions of sodium hydroxide. 
Soiled eggs cleaned with NaOH solutions kept equally as well 
in cold storage as clean eggs which were not washed. 
Dirty eggs properly cleaned, when removed from storage com-
manded prices equivalent to those obtained for clean eggs stored 
at the same time. 
Cooking tests applied to the different lots of eggs showed that 
dirty eggs which were properly cleaned possessed edible qualities 
equally as good as those of clean eggs. 
Evidence is also presented which shows that the bacterial count 
of frozen eggs was significantly reduced by cleaning the eggs with 
a NaOH solution before the eggs were broken. 
To obtain satisfactory resuhs solutions sufficiently strong to be 
effective must be used. 
Improving the Keeping Quality of Eggs 
by Cleaning with Sodium Hydroxide 
E. M. FUNK'" 
Under average farm conditions about 25 per cent of the eggs 
produced are dirty or slightly dirty. Even under the best pro-
grams of poultry farm management some eggs become soiled. Ob-
servations made on 66,350 eggs produced on the University of Mis-
souri Poultry F'arm showed that 7.3 per cent were dirty and 6.9 
per cent were slightly dirty. 'l'he disposal of dirty eggs has been 
a serious problem for the producer, the packer, the wholesale r e-
ceiver, and the reta iler. 'l'he producer has used different methods 
for cleaning dirty eggs with various degrees of success. The 
universal method of cleaning has been washing with water, but 
when applied to egp;s which were later stored this method has given 
disastrous results. 
Everyone who has an interest in the poultry industry agrees 
that dirty eggs r-:honld not be offered to the consumer. 'ro do so 
is to decrease consnmer demand for eggs. Fortunately the e:m 
breaking- plants can utili11e large quantities of these eggs during 
the spring months. 
The following- quotations on Chicago egg prices were printed in 
the Chicago 'l'ribnne, November 25, 1937: 
Fresh Eggs. 
Extra firsts __________________ 26 cents 
Fresh firsts __________________ 25 cents 
Current receipts ______________ 23 cents 
Dirties _______________________ 19 cents 
Checks -----------------------17 cents 
These quotations indicate quite clearly that wide differentials 
prevail in the egg markets because eggs are dirty even though 
their interior quality may be excellent. 
*In addition to valuable assistance rendered by various departments of the Missouri 
College of Agriculture, grateful acknowledgment is made to the following: The F. M. 
Stamper Company, Moberly, Missouri, contributed the use of their plant and labor for clean-
ing the eggs in 1937. Royal H . Switzler, Vice-President and General Manager of the St. 
L<>uis Refrigerating and Cold Storage Company, very kindly provided storage space" for 
sixty cases of eggs as long as needed. Mr. A. D. Greenlee of the Greenlee Products Com-
pany, St. Louis, Missouri, permitted the use of his plant for grading and breaking eggs. 
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REVIEW OF LITERATURE 
The causes of spoilage in eggs and methods for preventing such 
loss have been investigated by a number of workers. Maurer 
(1911) reported that the yolks of eggs were more often infected 
with bacteria than the whites. Stiles (1912) reported that strictly 
fresh eggs contain few if any bacteria. He also found that frozen 
egg products produced by breaking clean eggs had a much lower 
bacterial count than did similar products produced from dirty eggs. 
Rettger (1913) showed that fresh eggs are as a rule sterile and that 
eggs incubated three weeks remain relatively free from bacterial 
decomposition. He concluded that under normal conditions the 
shell is bacterium proof but dirt and moisture when combined make 
it possible for organisms to enter the egg and cause decay. Bush-
nell and Maurer (1914) reported that it was the qualitative rather 
than the quantitative bacterial content that determined the keeping 
quality of eggs. They reported a seasonal variation in bacterial 
content with summer eggs having a higher count than eggs laid in 
the fall or spring. But as Rettger has pointed out this variation 
is likely due to environmental factors subsequent to the laying of 
the egg. 
Hadley and Caldwell (1916) in reporting the results of their 
study of the bacterial infection of fresh eggs state, "The data pre-
sented in this paper show that fresh eggs are wholly free from 
those bacteria which are mainly concerned with the decomposition 
of the market product. B. proteus, the most common bacterial 
agent of intensive protein disintegration was not found in any in-
stance in the infected eggs studied; nor were any other members 
of the proteolytic or the fermenting groups encountered. This 
circumstance justifies the conclusion that the problem of the spoila-
tion of eggs is one concerned only with the methods of handling 
after the eggs are laid, and in these methods are to be found all of 
the causal factors. The hen must be relieved from all suspicion of 
playing a role in the situation leading to the decomposition of 
eggs.'' 
Jenkins and Pennington (1919), working with eggs produced in 
the middle west and stored in the east, reported that freshly laid 
eggs with clean, sound shells ·showed negligible loss even after 
10 to 11 months storage. Their investigations showed that heavy 
losses resulted when dirty eggs or eggs with damaged shells were 
stored. 
Jenkins, Hepburn, Swan and Sherwood (1920) reported the 
losses found in eggs held in cold storage which when stored were 
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respectively clean, dirty, dirty washed in water, dirty washed in 
dilute sulphuric acid, and dirty sponged with a damp cloth. In all 
lots, except the clean eggs, the losses were too great for the indus-
try to bear. 
Bryant and Sharp (1934) reported the results of their investiga-
tions in cleaning eggs with a number of cleansing agents. They 
concluded that washing did not cause eggs to lose weight more 
rapidly than unwashed eggs. They stated that the deterioration 
of washed eggs is caused by bacterial infection of the egg from the 
dirt that \\"as on the shell. Their results indicated that cleaning 
eggs with such solutions as H 2S04Nj10 or NaOH Nj10 did 
not reduce the bacterial infection of the eggs. These eggs were 
held at high temperatures and for a relatively short period of time 
(30 clays). 
PLAN OF EXPERIMENT 
The poultry industry suffers annually a loss of several million 
dollars because dirty eggs are marketed as such or because they 
are improperly cleaned. Realizing the importance of this problem 
to the poultry industry of Missouri and to the nation, the Missouri 
Agricultural Experiment Station began in 1935 a series of investi-
gations on the production and marketing of quality eggs. Bulletin 
384 of this station reported the results found relative to the factors 
influencing the production of clean eggs. These results showed 
that many dirty eggs were produced even when proper management 
practices were followed. While management is important many 
dirty eggs will continue to be marketed, even though the best 
management practices are followed. The question then becomes: 
what can be done to prevent soiled eggs from being offered to the 
consumers as shell eggs? The results of the investigation reported 
here may provide an answer to that question. 
Plan of Experiment, 1936 
In April, 1936, 1800 eggs of storage pack quality, except that they 
were extremely dirty, were obtained from a poultry packing plant 
located 32 miles from Columbia. These eggs were transported by 
truck to Columbia where they were divided into ten lots designated 
as lots B to K and treated as indicated in Table 1. 
Each egg was numbered, candled and given a grade before the 
eggs were stored. A sample of 30 eggs from each lot was placed 
in each of six cases and sent 125 miles by railway express to St. 
I;ouis where the eggs were stored in a refrigerated egg room. At 
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TABLE 1.-TREATMENT OF EGGS STORED IN 1936. 
Lot Treatment 
B Clean e'ggs used as controls. C Clean eggs washed with tap water. D Dirty eggs washed w ith tap water. E Clean eggs washed in the water used in washing lot C. F Dirty eggs washed in a chlorine solution of . 75 grams per liter of water. G Dirty eggs washed in a chlorine solution of 1.50 grams per lite'r of water. H Dirty eggs washed in a solution containing 7 grams of NaOH per liter of water. I Dirty eggs washed in a solution containing 3.5 grams of NaOH per liter of water. J Dirty eggs washe'd in ethyl alcohol (70%). K Dirty eggs washed in tap water with a washing powder and then dipped in a chlorine solution of . 75 grams per liter of water. 
intervals of four weeks one case was removed, each egg candled and given a U. S. Egg grade. Most of the eggs were then broken out and determinations of their edible qualities were made. 
Plan of Experiment, 1937 The results obtained in 1936 indicated that eggs could be cleaned satisfactorily by some of the methods used. The 1937 experiment was planned to check the 1936 results on a larger and a more com-mercial scale. It was realized that if the methods employed were to have any practical applications they must result, in increased market values for the eggs cleaned. Therefore the experiment in 1937 was designed to determine the economic value of the eggs in the egg markets. Sodium hydroxide was selected as the cleansing agent because it is an effective germicidal agent which is odorless and inexpensive. Since it is applied on the outside of the shell of the egg in dilute solutions it does not affect the edible qualities of the egg. While small quantities might gain entrance to the egg if the solution used was considerably colder than the egg, the albumen of the egg would combine with the NaOH and thereby prevent any harmful effects. 
In most lots used in 1937 there were six cases of eggs, five case:;; to be held for the usual maximum storage period (8-10 months ) and one case for the samples which were to be withdrawn each month for detailed examination. It should be observed here, and recalled when comparing 1936 and 1937 results, that the eggs used in 1937 were only slightly dirty as compared to those used in 1936 which were very dirty. The appearance of the eggs used in 1936 and 1937 is illustrated in Figure 1. The position of the lots of eggs in the cases of samples are given for both 1936 and 1937 by Figure CJ The lots in 1937 used and their respective treatments are given in Table 2. The dirty eggs used in 1936 were mainly dirty but the dirty eggs used in 1937 were mostly slightly dirty. Dirty eggs in large quantities were not available at the time the experiment was started in 1937. 
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Fig. 1. Typical clean, slightly dirty, and dirty eggs. 
B K 
c h J L 
D ~ I f 
E b H c 
F d G e 
Fig. 2. Position of the various lots of eggs in the cases. 1936 in capitals 
and 1937 in small lette'rs. 
7 
The eggs removed from storage each month were individually 
numbered, candled, assigned a U. S. Egg grade, and broken so they 
could be graded for broken out appearance. In order to minimiz~ 
the subjective element in these tests, the same individual made all 
observations in candling and for broken out appearance. The eggs 
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TABLE 2.-TREATMENT OF EGGS USED IN THE 1937 EXPERIMENT. 
Lot Treatment 
B Clean eggs used as controls. 
C Clean eggs washed with tap water. 
D Dirty eggs which were stored as dirty eggs. 
E Dirty eggs which were cleaned before' storing by washing with tap water. 
F Dirty eggs which were cleaned before storing by washing with water containing 
one per cent NaOH. 
G Dirty eggs which were cle"aned before storing by washing with water containing .5 
per cent NaOH. 
H Dirty eggs which were cleaned before storing by washing with water containing .25 
per cent NaOH. 
Dirty eggs which were cleaned be'fore storing by washing with water containing 
one per cent NaOH. 
which ·were sold in the St. Louis markets ""\Vere candled by persons 
with several years experience in commercial egg grading and the 
lower grades were broken ont to determine their edible properties. 
RESULTS 
Candling Appearance of Eggs. 
Candling ""\vas used as one of the tests for quality because it is 
used for this purpose almost universally in the egg trade of the 
United States. In 1936 all eggs were candled before they were 
stored and soon after they were removed from storage. Table 3 
shows the results obtained. It should be noted that the observer 
who candled these eggs applied the standards for U. S. buying 
grades and that many of the eggs graded as trades because of the 
appearance of the yolk. Table 3 is a summary of the results ob-
tained from candling eggs at intervals of four weeks over a period 
of 24 weeks. From these results it is evident that dirty eggs can-
not be washed in tap water and stored without heavy losses. (See 
Lot D). An examination of the results shows that lots H and I 
candled equally as well as Lot B which was the control lot of 
clean, unwashed eggs. Lots H and I were washed in water con-
taining respectively .70 per cent and .35 per cent of NaOH. It 
is apparent from these results that eggs can be cleaned without 
impairing their keeping qualities if a suitable solution is used. 
Table 4 shows the results obtained by candling the various lots 
of eggs in 1937. The most significant item is the loss or inedibles 
found by candling. As observed in 1936 dirty eggs washed in 
tap water cannot be stored without losses which are too large to 
be borne by the trade. It also becomes evident by these results 
that, washing is not necessarily in itself the damaging agent be-
cause clean eggs washed in tap water kept as well in storage as 
clean eggs which were not washed. (See Table 4, Lot C). It also 
TABLE 3.-CANDLING APPEARANCE OF EliGS REMOVED FROM STORAGE AT FOUR WEEK INTERVALS FOR A PERIOD OF TWENTY-
FOUR WEEKS. STORED APRIL 21, 1 936. 
Lot Treatment Storage Extras Standards Trades Inedibles 
B Cle'an eggs. In 8 103 69 Out 90 89 1 
c Clean eggs washed with water. In 5 108 66 Out 83 86 10 
D Dirty eggs washed with water . I n 1 94 84 
?:i 
['l 
Out 77 84 18 (fJ ['l 
> 
E Clean eggs washed with water. In 8 110 62 
:>' 
() 
Out 78 97 5 :X: 
F Dirty eggs washed with chlorine solu- In 1 92 87 0::1 
tion (.075%) . Out 57 116 7 c:: I:" 
I:" 
['l 
G Dirty eggs washed with chlorine solu- In 2 72 93 >-l 
tion (.15% ). Out 67 94 6 z 
H Dirty eggs washed with water contain- In 99 
t-:> 
81 ~ 
ing .7% NaOH. Out 59 121 ~ 
Dirty Eiggs washed in water contain~ In 1 83 96 
ing .35% NaOH. Out 2 55 122 
J Dirty eggs washed with ethyl a lcohol In 85 89 
(.70% ) . Out 58 113 3 
K Dirty eggs washed with water and In 2 91 87 
dipped in chlorine solution (.075% ) . Out 67 119 4 
~ 
TABLE 4.-CANDLING APPEARANCE OF EGGS REMOVED FROM STORAGE AT FOUR WEEK INTERVALS FOR A PERIOD OF FORTY 
WEEKS. STORED APRIL 9, 1937. 
Candling Grade 
Inedible 
Lot Condition and Tre'atment of eggs Extras Standards 'l,'rades Number Per Cent 
B Clean. 11 237 111 4 1.10 
c Clean, washed in water. 10 239 110 3 .83 
D Dirty 7 235 114 5 1.39 
E Dirty, washed in water. 10 223 110 19 5.26 
F Dirty, washed in water containing one 
per cent NaOH. 13 224 122 4 1.10 
G Dirty, washed in water containing .60 
per cent NaOH. 13 241 97 11 3.04 
H Dirty, washed in water containing .26 
per cent NaOH. 12 216 126 9 2 .49 
Dirty. washed in wate'r containing one 
per cent NaOH. 9 199 147 8 2.20 
f-' 
0 
~ 
-
"' 
"' 0 
~ 
> 
<:l 
"' ;:;
c.; 
t" 
.., 
~ 
I:" 
['>:j 
:>< 
"" t'1 
"' ~ 
t'1 
z 
.., 
[fJ 
~ 
.., 
0 
z 
TABLE 5.-RESULTS OBTAINED BY CANDLING EGGS AFTER 8 MONTHS STORAGE. ST. 
LOUIS, NOVEMBER 17, 1937. 
Eggs Sound and Clean Shells E<lible Checks Edible Di
rties 
Lot Condition and Treatment of Eggs Examined 1st 2nd 3rd 2nd 3rd 1st 2nd 3rd
 Inedibles 
B Clean. 1440 1334 63 9 
30 2 2 
c Clean, washed in water. 1382 1299 21 2 
46 3 11 
:;d 
M 
(f) 
D D irty. 1440 
37 1 1281 102 14 5 
M ;.. , 
0 
E Dirty, washed in water. 1404 1027 252 32 1
4 7 72 :Il 
Dirty, washed in wate'r containing 1.0 
to 
F 
G 
per cent NaOH. 1440 1280 45 3 91 
9 13 1:" 1:" 
M 
G Dirty, washed in water containing .50 
.., 
.... 
per cent NaOH. 1440 1201 67 4 
110 23 35 z 
~ 
H Dirty, washed in water containing .25 
-:j 
per cent NaOH. 1080 870 40 
4 118 12 36 
-:j 
- --
I Dirty, washed in water containing 1.0 
per cent NaOH. 1439 1267 45 
5 111 4 8 
Price received per dozen. .20 .16 
.12 .16 .12 .16 .16 .12 
'fhe grades first, second, and third were those used by t h e St. Louis firm 
that purchased the eggs. 
I-< 
f-' 
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appears that dirty eggs do not necessarily deteriorate more rapidly 
than clean eggs when held in cold storage. Lot F and I show that 
dirty eggs can be cleaned before storing with water containing 
sodium hydroxide without decreasing their keeping qualities when 
stored. The losses observed in 1937 were not as great as found 
in 1936. This was probably due to the fact that the eggs washed 
in 1936 were more dirty than those washed in 1937. 
In 1937 approximately four cases of eggs were removed from 
each lot of eggs at the end of an eight months storage period, 
candled by an experienced candler in the St. Louis market and 
sold to an egg dealer in that market according to the grades and 
at prices given in Table 5. 
Experienced operators in the egg storage business state that the 
normal loss in mid->vestern eggs stored from 6 to 8 months is from 
2 to 3 per cent. Therefore, it is evident from Table 4 that the losses 
in lots B, C, D, F, and I were below normal but the loss in lot E 
was above normal. The eggs were not recandled after washing 
and therefore a large number of checked eggs were found at the 
end of the storage period in those eggs which had been washed in 
the water containing NaOH. 
Those washing the eggs were provided with rubber gloves 
when they used the sodium hydroxide solutions and as they 
became quite concerned about these solutions they no doubt cracked 
more eggs when these lots were handled. Lot E, which was washed 
with water, was the only lot which was decidedly below normal 
in the number of first grade clean eggs. Therefore this lot also 
contained a significantly large number of second grade eggs. It 
TABLE 6.-Loss OBSERVED BY CANDLING SOUND SHELLED EGGS AFTER 8 
MONTHS STORAGE. 1937. 
Number Sound Inedible 
Lot Condition and Treatment of Eggs. Shelled Eggs Number Per Cent 
B Clean. 1408 2 .14 
C Clean , washed in water. 1327 5 .38 
D Dirty. 1400 3 .21 
E Dirty, washe"d in water. 1347 36 2.67 
F Dirty, washed in water containing one 
per cent NaOH. 1330 2 .15 
G Dirty, washed in water containing .50 
per cent NaOH. 1277 5 .39 
H Dirty, washed in water containing .25 
per cent NaOH. 934 9 .96 
Dirty, washed in water containing one 
per cent NaOH. 1818 .08 
TABLE 7.-CLASSIFICATION BY 
Lot Condition and treatment of eggs . No. eggs 1st 
B Clean. 315 215 
c Clean , washed in water. 315 288 
D Dirty. 315 
E Dirty, washed in water. 315 219 
F Dirty, washed in water containing one 
pe'r cent NaOH. 135 101 
G Dirty, washed in water containing .50 
per cent NaOH. 118 82 
H Dirty, washed in wate r containing .25 
per cent NaOH. 193 153 
Dirty, washed in water containing one 
per cent N aOH. 233 192 
CANDLING EGGS STORED TEN MONTHS. 
Clean Eggs Edible Checks 
Grade Grade 
2nd 3rd 2nd 3rd 
83 16 1 
14 4 5 
3 
47 25 2 
10 12 5 3 
19 6 4 3 
7 10 7 4 
11 7 18 4 
1937. 
Edible Dirties 
Grade 
1st 2nd 3rd 
26.4 46 
Inedibles 
0 
4 
2 
22 
4 
4 
12 
:;o 
t'l 
rJJ 
t'l ;.. 
;;o 
() 
::t: 
tJj 
c: 
t"' 
t"' 
t'l 
.... 
z 
!)!) 
-1 
-1 
1-' 
Ci:l 
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should be noted that those who candled the eggs knew nothing 
about the treatments of the different lots of eggs. 
Since there were a large number of cracked eggs in some lots, because of faulty technique in washing, a more accurate measure 
of the effect of the various treatments may be gained by calculating 
the loss in sound-shelled eggs separately. Table 6 gives the re-
sults obtained from such a treatment of the data. The loss in all lots was very low, evidently because the eggs used were of high quality. But Lot E again showed relatively greater losses than 
the other lots. The loss in lots B, D, F and I were approximately 
the same. 
In the 1937 experiment some of the eggs were held in cold storage 
ten months. The results obtained by candling these eggs are shown in Table 7. While the number of eggs in each lot is small, again it is evident that dirty eggs cannot be cleaned satisfactorily with 
water but that they can be cleaned with solutions containing power-ful antiseptics such as sodium hydroxide, which was used in lots F, G and I. 
Broken Out Appearance of Eggs. 
It may be observed by referring to Table 8 that candling, though 
the only test generally used for judging quality in shell eggs, is 
not always a reliable test for determining the edible qualities of 
eggs. Many eggs classed as edible by candling were found to be inedible when broken out. Therefore, it was deemed advisable to break samples from all lots and grade the eggs on their broken 
out appearance. .Arbitrary subjective standards were used in 
which .A designated the very best eggs (eggs of the finest fresh laid quality), B designated a high quality egg (many fresh laid 
eggs would be classed in this grade), C designated a lower quality 
egg but one which would pass the inspection of the most particular housewife, D was used to denote an egg which most housewives 
would use though it might have a slightly mottled yolk, watery 
white, a deep colored yolk or pronounced germ development. The inedibles included many eggs which were classified as inedibles be-
cause of mottled yolks and other defects which would likely cause 
a housewife to reject the egg. 
The results obtained in 1936 by breaking the samples removed 
monthly from each lot, as given in Table 8, show very clearly that dirty eggs washed in water deteriorated very much more than the 
clean eggs which were used as controls in this experiment. Eggs in lots Hand I, which were the dirty eggs washed in water contain-
TABLE 8.-INEDIBLE EGGS FOUND BY CANDLING AND BREAKING. 1936. 
Candling Results 
Additional inedibles found 
when broken out. Total Inedibles 
Less edible eggs 
found when 
broken out. 
Actual inedibles 
Number found Number 
eggs Inedibles by candling eggs 
Inedible 
Lot Condition and treatment of eggs. candled No. Per Cent 
No. Per Cent broken Number Per Cent Number Per Cent 
B Clean eggs. 180 1 .56 None
 136 4 2.94 4 2.22 ?;:1 t'l 
(/) 
c Clean eggs washed with water. 179 10 5.59 8 
4.47 131 13 9.92 21 11.73 t'l ;.. 
:>:> 
D Dirty eggs washed with water. 178 18 10.10 15 
8.43 131 30 22.90 45 25.28 
() 
::X: 
E Clean eggs washed with water. 180 5 2.78 4 
2.22 136 4 2.94 8 4.44 
Oj 
c 
t:" 
F Dirty eg"s washed with chlorine solu-
t:" 
tion (.075%). 180 7 3.89 3 1.67 133 
24 18.05 27 15.00 
t'l 
>-l 
z 
G Dirty eggs washed with chlorine solu-
t-:) 
tion (.15%). 167 6 3.59 2 1.20 129 
9 6.98 11 6.59 ~ 
~ 
H Dirty eggs washed with water contain-
ing .7% NaOH. 180 None None 
138 5 3.62 5 2.78 
Dirty eggs washed in wate'r contain-
ing .35% NaOH. 180 1 .56 None 
132 4 3.03 4 2.22 
----
J Dirty eggs washed with ethyl alcohol 
(70%). 174 3 1.7Z 1 .57 132 
8 6.06 9 5.17 
--
K D{rty eggs washed in water and dipped 
in chlorine solution (.075%). 180 4 2.22 1 .56 135 
11 8.15 12 6.67 
I-' 
01 
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ing .70 per cent and .:35 per cent NaOH respectively, kept equally 
as well as the clean eggs in lot B, which were not washed. In this 
experiment lot C, which was a group of clean eggs washed in water, 
showed a loss of 11.73 per cent as compared to a loss of 2.22 per 
cent in the clean eggs which were not washed. It should be noted 
that so-called clean eggs no doubt have many bacteria on the sur-
face of the shell. By washing these eggs apparently many of them 
became contaminated and therefore deterioration was significantly 
increased. Figure 3 shows the total loss in the various lots of eggs 
30 INEDIBLES IN STORAGE EGGS 1936 
25~--------------------
20~----------------------
1-
~15~-----------------------­
u 
ex: 
L..I.J 
~10~---------------------
B H E J K G C F D 
Fig. 3. Inedible eggs found in the different lots stored in 1936. B, clean ; 
I, dirty eggs washed in w ater containing .35% NaOH; H, dirty eggs was hed 
with water containing .7% NaOH; E, clean eggs washed with water; J, dirty 
eggs washed with ethyl alcohol (70%} ; K, dirty eggs washed in water and 
dipped in chlorine solution (.075%} ; G, dirty eggs washed with chlorine solu-
tion (.15%) ; C, clean eggs washed with water; F, dirty eggs washed with 
chlorine solution (.075%) ; D, dirty eggs washed with water. 
which were used in the experiment in 1936. Lots I and H, the 
lots of dirty eggs cleaned with NaOH, were the only treated lots 
in which the loss was sufficiently low to warrant their application 
or to justify continued investigation. 
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The broken out appearance of the various lots of eggs examined 
at Columbia in 1936 and 1937 are given in Tables 9 to 26. These 
tables show that in 19:36 when extremely dirty eggs were cleaned 
inedible eggs occurr ed as early as the fourth week of stol'age, 
whereas in 1937 when the eggs used were not as dirty as those used 
in 1936 the first inedibles were found when the eggs were exa1nined 
after twelve weeks storage. The 1936 r esults showed that even 
clean eggs cannot be washed in water and stored with satisfactory 
results. (See Table 10 and F igure 3.) 
TABLE 9.-BROKEN OUT APPEARANCE OF EGGS IN LOT B. 
Clean, unwashed eggs, stored April 21, 1936. 
Storage Period Grade 
In W e'eks A B c D Inedible 
4 13 
8 10 ll 
12 10 
16 16 7 
20 13 
24 8 
TABLE 10.-BROKEN OUT APPEARANCE OF. E GGS IN LOT C. 
Clean eggs, washed in tap water and stored April 21, 1936. 
Storage Period Grade 
In We'eks A B c D Inedible 
4 8 9 
8 17 5 2 
12 6 
16 12 2 9 
20 13 3 
24 1 2 
TABLE 11.-BROKEN OUT APPEARANCE OF EGGS IN LOT D. 
Dirty eggs washed in tap water and stor ed April 21, 1936. 
Stornge P eriod Grade 
In W e'eks A B c D Inedible 
6 9 ,3. 
9 8 4 
' 12 2 
16 6 8 4 ll 
20 10 5 
24 7 2 0 3 
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TABLE 12.-BROKEN OUT APPEARANCE OF EGGS IN LOT E. 
Clean eggs washed in water used in washing lot C. Stored April 21, 1936. 
Storage Period 
In Weeks 
4 
8 
12 
. 16 
20 
24 
A B 
12 
6 6 
11 
15 
1 17 
7 
Grade 
c D Inedible 
11 3 1 
11 2 
4 
11 4 
6 1 2 
3 1 
TABLE 13.-BROKEN OUT APPEARANCE OF EGGS IN LOT F. 
Dirty eggs washed in a chlorine solution containing . 75 grams per liter. 
Stored April 21, 1936. 
Storage Period Grade 
In Weeks A B c D Inedible 
4 4 9 7 3 
8 2 4 12 3 4 
12 5 6 2 
16 7 15 5 3 
20 10 10 6 
24 5 4 3 
TABLE 14.-BROKEN OUT APPEARANCE OF EGGS IN LOT G. 
Dirty eggs washed in a chlorine solution of 1.50 grams per liter of water. 
Stored April 21, 1936. 
Storage Period Grade 
In We'eks A B c D Inedible 
4 2 8 6 4 
8 10 11 2 
12 5 6 2 1 
16 15 9 4 2 
----
20 9 10 6 3 
24 4 5 2 
TABLE 15.-BROKEN OuT APPEARANCE OF EGGS IN LOT H. 
Dirty eggs washed in water containing .7 per cent NaOH. Stored April 
21, 1936. 
Storage Period Grade 
In Weeks A B c D Inedible 
4 2 8 9 5 2 
8 10 10 2 
12 6 8 
16 13 12 5 
20 11 16 2 
24 8 3 
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The chlorine solutions and the alcohol used m cleaning eggs 
m 
1936 did not give satisfactory results. Sodium hydroxide w
hen 
used in water at .70 per cent and .35 per cent (See Tables 15 and 
16) for cleaning extremely dirty eggs was effective in preventing 
deterioration in these eggs in excess of that which occurre
d in 
clean eggs which were stored as controls. These results were 
very 
striking and suggested the investigations which wer e made
 in 
1937. The results obtained in 1937 confirm in the main those of
 
1936, though the losses were considerably less. 
T ABLE 16.- BROKEN OUT APPEARANCE OF EGGS IN LOT I. 
Dirty eggs washed "in water containing .35 per cent NaOH. 
Stored April 
21, 1936. 
Storage Period Gra de 
In W e'eks A B c D 
Inedible 
9 7 6 
8 11 7 2
 
12 8 7 
16 9 12 
8 
20 15 9 5 
24 9 2 
1 
TABLE 17.-BROKEN OUT APPEARANCE OF EGGS IN LOT J. 
Dirty eggs washed in alcohol (70% ) stored April 21, 1936. 
S tor nge P eriod 
In W e'eks 
4 
12 
16 
20 
24 
Grade 
A B 
3 
6 
12 
11 
9 
c D Inedible 
8 1 
3 
7 2 
13 2 
10 4 
2 
TABLE 18.- BROKEN OUT APPEARANCE OF EGGS IN LOT K. 
Dirty eggs washed with water and a washing powder and th
en dipped in 
a solution containing .75 grams of chlorine solution per liter. 
Stored April 21, 1936. 
Storage P eriod Grade 
I n We'eks A B c D 
Ined ible 
11 7 2 
8 6 10 7 
1 
12 2 6 
16 5 12 10 
20 10 7 10 
24 7 4 
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TABLE 19.-BROKEN OUT APPEARANCE OF EGGS I N LOT B. 
Clean, unwashed eggs, stored April 9, 1937. 
Storage Period Grade 
In We'eks A B c D Inedible 
0 .4 26 
4 4 22 
8 2 30 4 
12 27 9 
16 30 5 
20 22 5 2 
24 19 16 1 Green Yolk 
28 20 15 Discolored Yolk 
32 15 17 3 Gree'n White 
40 16 16 5 2 Discolored Yolks 
TABLE 20.-BROKEN OUT APPEARANCE OF EGGS IN LOT C. 
Clean eggs washed in tap water stored April 9, 1937. 
Storage Period Grade 
In We'eks A B c D Inedible 
0 32 
4 8 26 2 
8 8 25 2 
12 34 2 
16 31 
20 20 13 1 Green White 
24 24 10 
28 25 10 1 Crusted Yolk 
32 20 14 2 
40 9 21 7 
TABLE 21.-BROKEN OuT APPEARANCE OF EGGS IN LOT D. 
Dirty eggs. Stored April 9, 1937. 
Storage Period Grade 
In We'eks A B c D Inedible 
0 ' 9 17 8 2 
4 5 23 7 
8 33 2 
12 3 26 7 
16 3 22 10 
20 · 20 11 3 
24 28 7 1 
28 29 6 1 
(1 Crusted Yolk) 32 13 14 7 2 (1 Dark Yolk) 
40 15 14 7 3 fl Crusted Yolk) 
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TA~LE 22.-BROKEN OUT APPEARANCE OF EGGS IN LOT E. 
Dirty eggs washed in tap water. Stored April 9, 1937. 
Storage Period 
In Weeks A B 
0 28 
4 7 21 
8 5 28 
Grade 
c D Inedible 
8 
1 (Green White) 
2 3 (2ek ) Unbroken 
12 32 I6_---------~------~3-0----------------------~~~~~~---
20 22 12 2 (1ekl Unbroken 
Gree'n 
24 2 24 4 6 (3ck) 3 White 
28 23 9 3 (lekl 
32 I 5 14 4 (1 Green White) 
40 13 16 7 (5 Black Rots) 
TABLE 23.-BROKEN OUT APPEARANCE OF EGGS IN LOT F. 
Dirty eggs washed in water containing one per cent NaOH. Stored April 
9, 1937. 
Storage Period 
In We'eks 
0 
4 
8 
I2 
I6 
20 
24 
28 
32 
40 
A B 
33 
27 
3 33 
26 
30 
24 
2I 
28 
17 
14 
Grade 
c 
4 
9 
I2 
IO 
I5 
2I 
D 
3 
2 
4 
Inedible 
I (ck) Unbroken 
I (ckl Stuck Yolk 
2 (1 Cru•ted Yolk] 
(1 Stuck Yolkl 
In 1937, beginning at the twenty-fourth week, an attempt was 
made to designate the type of inedibles found when the eggs were 
broken. A description of these inedibles is given in Tables 19 to 
26. Up to the twentieth week in 1937 those eggs which were con-
sidered inedible by candling were not broken out but were con-
sidered inedible in the broken out grad~s. It is likely that such a 
procedure caused some lots to be listed with more inedibles than 
actually exi~ted. For example lot I is li~ted as having four in-
edibles the 12th week. This is highly i!Xlprobable since n o inedibles 
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TABLE 24.-BROKEN OUT APPEARANCE OF EGGS IN LoT · G. 
Dirty eggs washed in water containing .5 per cent NaOH. Stored April 
9, 1937. 
Storage Period 
In We·eks 
-------
4 
8 
12 
16 
20 
24 
28 
32 
40 
A 
4 
4 
2 
Grade 
B C 
28 
29 
32 
28 
30 
22 
28 
23 
8 
2 
8 
3 
11 
6 
9 
20 
22 
D 
2 
2 
7 
Inedible 
1 (ck) Unbroken 
1 (ck) Mold 
1 (ck) Green White 
1 Musty. Green 
White 
2 (two ck) 
TABLE 25.-BROKEN OuT APPEARANCE OF EGGS IN LOT H. 
Dirty eggs washed in water containing .25 per cent NaOH. Stored April 
9, 1937. 
Storoge Period Grade 
In We·eks A B c D Inedible 
0 28 2 
4 5 24 6 
8 5 31 
12 24 9 
16 2 21 12 
20 32 3 1 
24 28 1 Unbroken 
28 16 10 5 (4ckl Two Milky 
Whites 
1 Discolored Yolk 
1 Mold 
32 9 17 8 2 (ck) 
( 1 Green White) 
(1 Black Yolk) 
40 14 17 3 5 (3 Black Rots) 
(1 Mold ) 
were found subsequently. This procedure was followed because 
of the offensiveness of the odors from some inedible eggs. Begin-
ning the twenty-fourth week, all questionable eggs were broken out 
and examined for their edible properties. 
Table 27 shows the percentage o£ inedible eggs found at ColU:mbia 
in the samples removed from storage in each lot of eggs used in the 
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TABLE 26.-BROKEN OUT APPEARANCE OF EGGS IN LOT I. 
Dirty eggs washed in water containing one per cent NaOH. Stored April 
9, 1937. 
Storage Period Grade 
In We'eks A B c D Inedible 
0 34 
4 2 28 6 
8 2 34 
12 2 19 11 4 Unbroken* 
16 29 7 
20 15 20 
24 27 8 
28 25 9 2 
32 13 19 4 
40 13 18 
•The candling grade was accepted for these inedibles but since subsequent breaking did 
not reveal any inedible' eggs it is questionable if these four eggs were actually inedible. 
TABLE 27.-lNEDIBLE EGGS FOUND BY CANDLING AND BREAKING . EGGS AT 
COLUMBIA. 1937. SAMPLES OF 36 EGGS EXAMINED 
AT 4 WEEK INTERVALS. 
Inedibles 
Lot Condition and Treatment of Eggs. No. Eggs Examined Number Per Cent 
B Clean. 327 7 2.14 
c Clean, washed in water. 326 4 1.23 
D Dirty. 327 6 1.83 
E Dirty, washed in water. 327 26 7.95 
F Dirty, washed in water containing 1.0 
per cent NaOH. 327 4 1.22 
G Dirty, washed in water containing .50 
per cent. NaOH. 326 6 1.84 
H Dirty, washed in water containing .25 
per cent NaOH. 327 14 4.28 
I Dirty, washed in water containing one 
per cent NaOH. 327 4 1.22 
experiment in 1937. Lots F and I which were cleaned with water 
containing one per cent sodium hydroxide showed even fewer in-
edibles than did the clean eggs which were used as controls. These 
results also clearly indicate that soiled eggs can be cleaned so that 
they will not deteriorate any more than clean eggs. 
Lot E, the. dirty eggs which were washed with tap water, had 
26 inedible eggs out of the 327 examined. As in 1936 this again 
demonstrated that eggs cleaned with water will not keep satis-
factorily when stored. Lot G, the dirty eggs which were washed 
24 l\1IssouRI AGRICULTURAL ExPERIMENT STATION 
1-
z 
3
·
0 INEDIBLE SOUND SHELLED 
EGGS AFTER 8 MONTHS 
STORAGE, 1937 2.5,1--------------j 
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Fig. 4. Inedible eggs found in ';ound 
shel!e'd eggs stored 8 months. 1937. I. 
dirty, washed in water containing one per 
cent NaOH; B, clean; F, dirty, washed in 
water containing one per cent NaOH: D, 
dirty; C, clean, washed in water; G. dirty, 
washed in water containing .50 per cent 
NaOH; H, dirty, washed in wate'r contain-
ing .25 per cent NaOH; E, dirty, washed 
in water. 
7 0 INEDIBLE CRACKED EGGS 
AFTER 8 MONTHS 
6 Ot- STORAGE. 1937 
0 
~4 ,.. 
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0 ~3 
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LOTS B D F C H G E 
Fig. 5. Inedible eggs found in cheeked 
eggs after 8 months storage. 1937. B . 
clean; D, dirty; I, dirty, washed in water 
containing one per cent NaOH; F, dirty. 
washed in water containing one per cent 
NaOH; C, clean, washed in water; H, 
dirty, washed in water containing .25 per 
cent NaOH; G, dirty, washed in water con-
taining .50 per cent NaOH; E, dirty, 
washed in water. 
with water containing .50 per cent NaOH, also kept as well as clean 
eggs when stored. In 1936 very satisfactory results were obtained 
by washing eggs with water containing .35 per cent NaOH. 
Table 28 and Figure 5 indicate what may be expected from 
storing checked eggs for a period of eight months. The nuinber of 
eggs is small but the variations between the different lots are so 
great that the differences may be considered significant. Relatively, 
the results obtained with checked eggs were not unlike those ob-
tained with sound-shelled eggs, except that greater damage oc-
cm·red in checked eggs. Sixty-three per cent of the eggs washed 
with water were inedible ·while in lot · I, dirty eggs washed with 
water containing one per cent NaOH the loss was only 5.7 per cent. 
Checked eggs would not be stored knowingly, but fortunately for 
this experiment they were stored because the eggs were. not candled 
after they were treated 'aild therefore ·additional evidence of the 
deleterious effects of washing with "~ater are presented and the effec-
tiveness of NaOH is· aga:hi demonstrated. 
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TABLE 28.-RESULTS OF STORING CHECKED EGGS 8 MONTHS, APRIL TO 
NOVEMBER, 1937. 
Eggs Checked Inedibles 
Lot Condition and Treatment of Eggs. or Cracked Number Per Cent 
B Clean. 30 None None 
c Clean , washed in water. 55 6 10.9 
D Dirty. 40 2 5.0 
E Dirty, washed in water. 57 36 63 .2 
F Dirty, washed in water containing one 
per cent NaOH. 110 11 10.0 
G Dirty, washed in water containing .50 
pe'r cent NaOH. 163 30 18.4 
H Dirty. washed in water containing .25 
per cent NaOH. 157 27 17.2 
Dirty, washed in water containing one 
per cent NaOH. 122 7 5.7 
24 
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PERIOD IN MONTHS 
Fig. 6. Effect of length of storage on the occurrence of inedible eggs. 
Appearance of Washed Eggs. 
8 
One of the objections raised against washing eggs has been that 
it destroys the natural bloom of the eggs and thereby mars their 
appearance. Several lots of washed and clean unwashed eggs 
which had been in storage several months were examined by ex-
perienced observers. They were unable to detect the washed eggs 
26 MissouRI AGRICULTURAL ExPERIMENT STATION 
by observation. Experienced egg candlers in the St. Louis market 
were unable to detect the washed eggs by candling. It therefore 
appears that dirty eggs can be cleaned in such a way that exper-
ienced observers and candlers cannot detect the eggs which have 
been washed. 
Fig. 7. Eggs removed from lots B, D and F after 24 weeks storage. B, clean eggs: 
D, dirty eggs: and F, dirty eggs washed in water containing one per cent NaOH. 
Figure 7 attempts to show the appearance of the clean, dirty anc1 
washed eggs as they were removed from storage. It will be evident 
to the reader that the dirty eggs (lot D) were only slightly dirty. 
They were sufficiently dirty, however, to be classified as dirties 
when sold by grade. It was impossible for experienced candlers to 
identify washed eggs in lots such as F from clean eggs such as 
those in lot B. 
Quality Determinations Made on Cold Storage E.g.gs. 
That the quality of an egg is best when the egg is laid and that 
time can only reduce that quality is generally conceded. The rate 
at which an egg loses quality depends upon such environmental 
factors as temperature, humidity, air composition, and exposure 
to infective agents. 
That shell eggs may be held for several months under proper 
refrigeration and yet retain their quality to a remarkable degree 
is generally known by those engaged in marketing eggs. 
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An effort was made to determine any differences in quality which 
might exist between the different lots treated in this investigation. 
In addition to grading the eggs by candling and assigning a grade 
to the eggs when broken out, egg quality measurements were made. 
The shell breaking strength of eggs was determined by placing 
weights and water on the platform shown in Figure 8. A pin (A) 
Fig. 8. Device used for determining the shell 
breaking strength of eggs. 
placed in small holes in the rod which supported the weights pre-
vented the egg from being crushed when the shell broke. The 
breaking strength in grams was determined by combining the 
weight of the equipment which rested on the egg, the gram weights 
which were placed on the platform and the weight. of the water 
and the cylinder used to hold the water. The amount of thick 
whi~e was determined by subtracting from the total albumen the 
TABLE 29.-LOSS IN EGGS STORED 1 0 MONTHS. 1937. 
Inedibtes by Candling Additional Inedibtes by Breaking 
Lot Condition and Treatment of Eggs Numbe'r Eggs Number Per Cent Number Per Cent 
B Clean. 315 None 9 2.86 
c Clean, washed in water. 315 4 1.27 2 .63 
D Dir ty. 315 2 .63 10 3.18 
E Dirty, washed in water. 315 22 6.99 11 3.49 
F Dirty, washed in water containing one 
pe"r cent NaOH. 135 4 2.96 1 .74 
G Dirty, washed in water containing .50 
per cent NaOH. 118 4 3.39 None 
H D irty, washed in water containing .25 
per cent NaOH. 193 12 6.22 7 3.63 
Dirty, washed in water containing one 
per cent NaOH. 233 1 .43 6 2.58 
'rota! Inedibtes 
Number Per Cent 
9 2.86 
6 1.90 
12 3.81 
33 10.48 
5 3.70 
4 3.39 
19 9.85 
7 3.00 
~~ 
00 
<" 
:::" 
(Jl 
(Jl 
0 
c:: 
~ 
;l> 
G) 
:;<' (i 
c:: 
t"' 
..., 
c:: 
:;<' 
;... 
t"' 
M 
:>< 
"' t'1 
:;<' 
~ 
t'1 
z 
..., 
(/) 
..., 
;... 
..., 
0 
z 
TABLE 30.-EGG QUALITY DETERMINATIONS MADE ON COLD STORAGE EGGS. 1936. 
Shell 
Storage Average Percentage of Breaking Percentage 
Period Number egg weight Shell and Shell Strength of Thick Yolk 
L<>t Treatment In Weeks Eggs \Grams) Membranes (Grams) White Index 
B Clean eggs used as controls. 4 9 61.6 11.2 4825 71.6 .37 
8 9 62.8 11.6 4543 62.2 .370 
12 10 60.6 11.9 4096 62.4 .336 
Total or A vg. 28 61.7 11.6 4488 65.4 .359 
c Clean eggs washed with tap water. 4 9 58.4 12.1 4685 67.4 .38 
8 10 59.1 12.5 4352 56.3 .344 
12 7 60.2 11.9 4880 50.7 .312 
Total or Avg. 26 59.3 12.2 4639 58.1 .345 
D Dirty eggs washed with tap water. 4 9 58.7 11.6 4785 66.3 .381 
8 9 55.7 12.5 4097 45.5 .368 
12 9 54.9 12.2 4611 49.8 .349 ?;:1 
Total or A vg. 27 56.4 12.1 4498 53.9 .366 M (f) 
E Clean eggs washed in the water used 4 10 70.8 59.7 11.4 4440 .380 M 
in washing lot C. 8 10 62.0 11.6 4149 69.4 .393 > 
12 10 62.0 12.1 4360 53.6 .329 :<' n 
Total or Avg. 30 61.2 11.7 4316 64.6 .367 :11 
F Dirty eggs washed in a chlorine solu- 4 7 55.6 11.1 3270 68.2 .379 to 
tion of .75 grams per liter of water. 8 10 57.3 11.3 3631 63.6 .359 c: 
12 9 56.1 11.9 353~ 57.5 .342 t" 
Total or Avg. 26 56 .3 11.4 3478 63.1 .360 t" M 
G Dirty eggs washed in a chlorine solu- 4 5 59.5 11.5 4385 72.3 .410 ., 
tion of 1.60 grams pe'r liter of water. 8 10 57.9 12.1 3757 53.6 .340 z 
12 9 54.9 12.5 4428 58.7 .341 
Total or Avg. 24 57.4 12.0 4190 61.5 .364 
1:-o:) 
-'1 
H Dirty eggs washed in a solution con- 4 10 61.9 11.1 3990 72.7 .369 -'1 
taining 7 grams of NaOH per liter of R 10 55.5 12.7 3986 54.6 .341 
water. 12 10 57.3 12.0 4440 54.6 .~5fi 
Tota l or Avg. 30 58.2 11.9 4189 60.6 .352 
Dirty eggs washed in a solution con- 4 8 58.1 11.2 4415 67.2 .366 
taining 3.5 grams of NaOH per liter R 5 56.3 12.2 3850 50.0 .375 
of water. 12 10 58.3 12.7 4025 59.3 .328 
Total or Avg-. 23 57.6 12.0 4097 58.8 .356 
J Dirty ~ggs washed in ethyl alcohol 4 7 58.4 11.0 4510 74.1 .370 
(70%). 8 7 56.5 12.0 4520 64.7 .365 
12 10 56.2 12.3 4826 55.5 .320 
Total nr Avg. 24 57.0 11.8 4619 64.8 .352 
K Dirty eggs washed in tap water and 4 10 61.2 11.1 4475 70.9 .371 
dipped in chlorine solution (.075%). R 9 57.9 11.6 4292 62 .5 .358 1:-o:) 
12 9 54.7 12.4 4444 49.5 .338 
<.o 
Totnl or Avg. 28 57.9 11.7 4404 61.0 .356 
Fr~sh EggR 40 58.1 11.9 4030 6~.8 .400 
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Fig. 9. The Cornell charts used in d etermining the Cornell scores given in ':('able 31 and 
Figure 10. 
amount of thin white (by weight) which could be removed with 
a pipette which had a one millimeter opening. The yolk index 
was calculated by dividing the height of the yolk (measured with 
the yolk in the broken out egg) by the width of the yolk. Table 
30 shows the measurements made and the results obtained in 1936. 
The only significant changes with age were the decrease in yolk 
index and the apparent increase in the percentage of thick white 
during the first four weeks of storage with a subsequent decrease 
in the percentage of thick white. The percentage of thick white in 
eggs washed in water (lot D) was appreciably lower than in the 
TABLE 31.-CORNELL SCORES OF EGGS IN COLD STORAGE EXPERIMENT. 1937. 
Storage Lot Lot Lot Lot Lot Lot Lot Lot Average 
Period B c D E F G H I Score 
Sample 
at time 
of storage 2.26 1.97 2.10 1.90 2.17 2.10 2.11 2.07 2.09 
4 Weeks 2.14 2.01 2.20 2.25 2.15 2.03 2.31 2.06 2.14 
~ 
t>1 
(/) 
8 We<!ks 2.25 2.06 2.26 2.40 2.38 2.07 2.21 2.43 2.26 
t>1 
;to-
:» 
n 
12 Weeks 2.54 2.53 2.64 2.56 2.57 2.46 2.34 2.30 2.49 :r: 
td 
16 We<!ka 2.69 2.74 2.66 2.62 2.76 2.64 3.13 2.69 2.74 c:: 1:"' 
1:"' 
20 Weeks 2.87 3.20 2.99 2.71 2.86 2.67 2.75 3.07 2.89 t>1 >-l 
24 Weeks 3.06 2.96 3.22 2.85 3.14 3.10 3.14 3.26 3.09 
:;:; 
!),:> 
....:t 
28 Weeks 3.13 3.00 3.10 3.18 3.00 2.99 3.11 3.29 3.10 -1 
32 Weeks• 3.37 3.39 3.39 3.33 3.22 3.30 3.46 3.26 3.34 
Change 
in score 1.11 1.42 1.29 1.43 1.05 1.20 1.35 1.19 1.25 
*These eggs were examined 72 hours after removal from storage while at earlier periods the eggs were examined 24 hours after removal from 
storage. All observations made by the same person. 
w 
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other lots. The breaking strength of the eggs in lot F was lower 
than it should have been by mere chance occurrence. 
In 1937, to expedite the quality determinations, the charts prepared 
by Cornell University were used. All eggs broken out were given a 
score on these charts. A summary of the results are shown in Table 
31 and illustrated by F'igure 10. The scores tended to increase as 
time in storage lapsed. Clean eggs and those properly cleaned shifted 
in score slightly more than one point during the eight months storage 
period but lots C and E , ·which were cleaned with water, increased in 
score almost 1.5 points. Since these values were assigned by the same 
person and one who did not know the treatments given the various 
lots, there would appear to be some significance in these differences. 
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Fig. 10. Cornell scores of storage' eggs removed at 4 week intervals. 
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Figure 10 shows that the decrease in the quality of eggs held in 
cold storage is at first very slow but that there is an acceleration 
of this change during the third and fourth months of storage and 
very likely a slowing down of this change after the fifth month, 
because the curve is apparently of that type. From these observa-
TABLE 32.-MARKET VALUE OF EGGS STORED EIGHT MONTHS. 
Sound-shelled 
Lot Condition and Treatment of Eggs Eggs Stored Egg> Stored 
B Clea n . 1440 1408 
c Clean, washed in water. 1382 1327 
D Dirty. 1440 1400 
E Dirty, washed in water. 1404 1347 
F Dirty. washed in water containing one 
per cent. NaOH. 1440 1330 
G Dirty, washed in water containing .50 
per cent NaOH. 1440 1271 
H Dirty, washed in water containing .25 
per cent NaOH. 1080 934 
Dirty, washed in water containing one 
per cent NaOH. 1440 1318 
1937 . SoLD BY GRADES IN THE ST. LOUIS MARKET. 
Market Value (Dollars) Average Price Per Doz. 
All Eggs Sound-shelled Eggs All Eggs Sound-shelled Eggs 
23.58 23.16 19.65 19.74 
22.59 21.95 19.61 19.85 
19.08 18.58 15.90 15.93 
21.06 20.80 18.00 18.53 
23 .25 21.96 19.37 19.81 
22.65 20.95 18.87 19.69 
16.76 15.07 18.62 19.36 
23.29 21.77 19.41 19.82 
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tions it appears that eggs retain their edible qualities remarkably 
well when held under proper storage conditions. 
In 1937 some eggs were held in storage for ten months in an at-
tempt to maximize any differences which might exist between the 
various lots. Table 29 shows the loss in the different lots found by 
candling and breaking. These results confirm the other tests which 
showed that heavy losses occur when eggs are washed in water 
and stored but that eggs may be cleaned and stored with satis-
factory results if the proper cleansing agent is used. 
Market Value of Eggs Stored. 
The 1937 experiment was placed on a commercial basis so that 
the economic importance of the various methods of treatment might 
be evaluated in the regular egg markets. Therefore, several cases 
in each lot were stored for what is usually the maximum storage 
period (8 to 10 months) and sold by grade in the St. Louis market 
at prices the dealer considered fair for that season of the year. 
The number of eggs in each grade and the prices received for each 
grade are given in Table 5. The market value of the eggs in each 
lot are presented in Table 32. The average price per dozen has 
been calculated on the basis of all eggs stored and on the basis 
of the sound-shelled eggs stored in each lot. It is evident from 
an examination of this table that cleaning the eggs with NaOH 
and water was highly profitable. While the dirty eggs averaged 
only 15.93 cents per dozen the dirty eggs which had been cleaned 
properly sold for 19.82 cents per dozen or almost four cents more 
per dozen than the dirty eggs. This represents an increased market 
value of almost $500 per car. When it is realized that approxi-
mately 50,000 cars of dirty eggs are produced in the United States 
annually, the magnitude of this loss may be grasped and the 
enormous savings from proper cleaning visualized. Table 33 shows 
the average price per dozen received for the eggs removed from 
storage at the end of ten months. It will again be observed that 
the eggs properly cleaned commanded a price considerably higher 
than that received for dirty eggs and equal to the price received 
for clean eggs. The results secured in this experiment indicate 
that dirty eggs can be cleaned so that they command not only a 
better price when sold as current receipts but also when they are 
rE'moved from storage and sold by grade: 
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Cooking Te·sts, 1937 
As an additional test of edibility, samples of edible eggs as de-
termined by candling were submitted to the department of home 
economics at the end of eight and ten months storage for cooking 
and other tests of the edible qualities of the eggs. The home eco-
nomics department was not informed of the treatments given the 
various lots . of eggs until several weeks after they completed their 
tests. The report received op. the eggs examined after eight months 
storage was as follows: 
TABLE 33.-MARKET VALUE OF EGGS SOLD AFTER TEN MONTHS OF STORAGE. 
1937. 
Total P.rice 
Lot Treatment Eggs Sold Market Value Per Dozen 
B Controls, clean eggs. 315 4.17 16.53 
c Clean eggs, washed in water. 315 4.57 17.41 
D Dirty eggs. 315 3.50 13.33 
E Dirty e'ggs, washed in water. 315 4.07 15.50 
F Dirty eggs washed in water containing 
1.0 per cent NaOH. 135 1.83 16.27 
G Dirty eggs washed in water containing 
.50 per cent NaOH. 118 1.58 16.07 
H Dirty eggs washed in water containing 
.25 per cent NaOH. 193 2.57 15.98 
Dirty eggs washed in water containing 
1.0 per cent NaOH. 233 3.31 17.05 
"Observations for edible and cooking qualities of eggs from lots 
B, D, E, and F showed some variations. Lot F ranked slightly the 
highest; in appearance and :flavor of raw eggs, in thickening power 
and flavor when used in making custards, in general appearance 
and :flavor of both yolk and white when poached, and in the volumr 
of stiffness in the beaten white. There was a very slight but no 
consistent difference among the others." 
This report indicated that the edible qualities of the eggs in lot 
F, the eggs cleaned with water containing NaOH, were equally as 
good if not superior to clean eggs. 
As an additional test of the edible properties of these eggs, at 
the end of ten months' storage samples of eggs from all lots were 
submitted for examination by the department of home economics. 
The report of these findings were as follows: "Observations for 
edible and cooking qualities of eggs from lots B, C, D, E, F, G. 
H, and I showed no consistent differences. In :flavor of raw egg. 
C, F, G and H were the best. In thickening power in custard H 
was the best with B and F next and the others much lower. In 
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poached eggs H was best in flavor of yolk and ranked with C, F 
and G in appearance and flavor of white. In 'hard cooked' eggs 
(just below the boiling ·point for 40 minutes) F and C were decidedly 
the best, G and H next and the other four poor. F and C were also 
best in volume and stiffness of beaten white. Considering all points 
then F, C and H "\vould rank higher than the others." 
Bacterial Count of Frozen Eggs Which Were Cle·aned Before 
Breaking, 1937 
Dirty shell eggs are used quite generally in the egg breaking in-
dustry. This has been one satisfactory way of disposing of dirty 
eggs during the spring and summer months when most of these 
eggs are produced. To test the effect of cleaning dirty eggs be-
fore breaking, on the bacterial content of the resulting frozen egg 
product, dirty eggs were cleaned with water and with water con-
taining one per cent NaOH, and the bacterial content of these eggs 
determined at the end of nine months' storage. The eggs were 
cleaned in the F. M. Stamper Packing Plant, Moberly, Missouri, 
and the whole eggs broken into sterilized standard containers in 
the egg breall:ing room of the same plant. The samples for bac-
terial analysis were removed with a sterile auger bit from the center 
and near the sides of the standard 30-pound can at levels near the 
TABLE 34.-BACTERIAL COUNT OF FROZEN EGGS, AFTER NINE MoNTHS STOR-
AGE WHERE THE TEMPERATURE VARIED FROM -10° F. TO 10 ° F. 
FROZEN APRIL 9, 1937. 
Lot Treatment 
A Dirty eggs washed in water containing 
one per cent NaOH. 
Average 
B Dirty eggs washed in tap water. 
Average 
C Dirty eggs. 
Average 
Location of Sample 
Center-Top 
Cente'r-Middle 
Center-Bottom 
Side--Top 
Side--Middle 
Side--Bottom 
Center-Top 
Center-Middle 
Center-Bottom 
Side--Top 
Sid<i-Middle 
Side--Bottom 
Center-Top 
Center-Middle 
Center-Bottom 
Side--Top 
Side-Middle 
Side-Bottom 
Bacteria Per Gram 
At37° C. 
65,406 
54,711 
2,863 
43,896 
34 ,353 
59 ,8 00 
43,504 
68,388 
229,022 
25,765 
54,07o 
57,255 
26,401 
76,818 
17,495 
69,661 
134,550 
97,970 
216.298 
24,811 
93,46!\ 
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top, middle, and bottom of the can. The bacterial content of the 
samples removed are given in Table 34. From the results secured it 
appears that the bacterial content of frozen eggs was reduced by 
cleaning the eggs properly before they were broken. 
Effective Solutions Nec'essary. 
In 1936 one hundred eighty dirty eggs were washed with three 
quai·ts of a .35 per cent sodium hydroxide solution and these eggs 
when stored kept as well as clean eggs. In 1937, when 5 cases of 
eggs were washed in 6 gallons of water containing .25 per cent 
NaOH, the results were not as satisfactory as when the same quantity 
of water was used which contained 1.0 per cent and .5 per cent 
NaOH. This indicated that to be effective the more dilute solutions 
must be kept relatively clean and fresh . Where only a half case 
of eggs are to be cleaned two level teaspoonsful of c:oncentrated 
lye (NaOH) added to one gallon of water will be sufficient. When 
working with solutions of NaOH rubber gloves should be used. 
If this method of cleaning was applied in cleaning large quantities 
of eggs in the concentrating plants, the solution used would have 
to be tested at intervals for its Ph value in order to insure its 
effectiveness. 
Effect of Washing Eggs ou Loss in W>eight. 
One of the objections to washing eggs has been the claim that 
washing destroys the protective covering of the eggs and that ex-
cessive evaporation results. Table 35 and Figure 11 show the per-
centage of loss by weight of clean eggs, clean eggs washed with 
water, and dirty eggs washed with water containing NaOH. The 
results showed that washing eggs did not increase evaporation. 
TABLE 35.-PERCENTAGE LOSS OF WEIGHT IN EGGS HELD I N COLD STORAGE 
FROM 1 TO 6 MONTHS. 1936. THIRTY EGGS WERE REMOVED FROM 
EACH LOT EVERY 28 DAYS AND WEIGHED. 
Months in Storage 
Lot Treatment 2 4 6 
t2) (2) (1) 
B Clean eggs. .54 1.68 2.09 2.63 3.25 3. 15 (1) (1) (1) 
c Clean eggs washed with water. .56 1.61 1.96 2.22 2.81 2.96 (1 ) 
E Clean eggs washed with water. .33 1.68 1.77 1.55 2.99 2.95 
H Dirty eggs washed with water contain- (2) (1) 
ing .7% NaOH. .28 .92 1.39 1.76 2.26 2.26 
Dirty eggs washed in water contain- (1) 
ing .35% NaOH. .23 1.03 1.10 1.57 1.89 2.23 
J Dirty eggs washed with ethyl alcohol (2) (1) 
(70%). .28 .91 1.27 1.72 2.03 2.27 
K Dirty eggs washed in water and dipped Ill 
in chlorine solution (.075%). .39 1.25 1.69 1.83 2.43 2.74 
Checked eggs found in each lot are indicated in ( ). 
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Price Differentials . 
. Consumers prefer clean eggs and they are willing to pay several 
cents more per dozen for clean eggs than for dirty eggs. Such 
differentials will always prevail in the retail markets where these 
eggs are sold. When such differentials are found in the prices paid 
producers very few dirty eggs are delivered to these markets be-
cause the producers clean the eggs. If these price differences are 
r educed or eliminated the producers cease cleaning eggs and de-
liver the eggs as fo:und. in the nests. The response of California 
producers to these price differentials is illustrated by the following 
. table from U. S. D. A. Circular 111 on page 18 : 
SELECTED GRADES OF EGGS AS PERCENTAGES OF TOTAL ANNUAL DELIVERIES, 
1918. 1926. 
Year Tot al Deliveries Extras or Bet ter Pullet s Others Dirty Eggs 
1,000 Dozen Per Cent P er Cent P er Cent Per Cent 
1918 8,109 75 .4 22.4 2.2 
1919 9,458 73 .4 23.1 3.5 0.1 
1920 13,8 09 71.6 24.3 4.1 2.3 
1921 19,878 73.5 23 .1 3.4 2.1 
1922 18,554 74. 0 22.4 3.6 11.9 
1923 18,931 69.6 24 .7 5.7 16.8 
1924 18,824 68.0 26.4 5.6 20.7 
1925 23,462 68.0 25.9 6.1 23.9 
1926 26, 080 63.3 27.8 8.9 22.2 
The following quotation from this circular explains the response 
of these producers: ' 'The increase in the relative volume of dirty 
eggs is, in large part, the result of changes in the policies of the 
association. At one time members were permitted to wash their 
eggs. But as the trade feels that washed eggs will not keep satis-
factorily, the delivery of washed eggs was forbidden except when 
the eggs were specified as such. At the same time dirty eggs were 
accepted by the association on a discount basis. This, naturally, 
induced members to was'h their dirty eggs surreptitiously, and in-
spection could not always detect the fact. Finally, the association 
developed a method of cleaning these eggs by a sand blast. This 
plan has worked out satisfactorily, and dir ty eggs are now being 
accepted at a differential which is about equal to the cost of clean-
ing. This has tended to increase the relative volume of dir ty eggs. 
which become most numerous during the late winter and early 
spring months, when the weather is rainy. Relatively few pullet 
eggs are produced at this time; hence, most of the dirty eggs are 
of the grade of Extras.'' 
Ther efore it appears that producers may very easily be kept 
from cleaning eggs by merely reducing the differ ence paid for clean 
and dirty eggs to a point where producers cannot afford to clean the 
eggs for the premium paid for clean eggs. If the producers ar e not 
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penalized for producing dirty eggs, will they become less clean-egg 
minded and therefore produce more dirty eggs than they were 
producing when the penalties applied 1 There may be a slight in-
crease in the number of dirty eggs produced and surely a very 
decided increase in the quantity of dirty eggs marketed, but these 
disadvantages can be more than offset by improved methods of 
cleaning which may be applied in the central packing plants and 
markets. 
Effect of Dirty Eggs on Consumer Demand. 
Since consumers do discriminate against dirty eggs to the extent 
of paying several cents more per dozen for clean eggs, it seems 
logical to assume that dirty eggs are a depressing factor on con-
sumer demand and therefore tend to reduce the demand. The 
elimination of dirty eggs from the regular retail channels should 
stimulate shell egg consumption. 
If all the cheaper grades of eggs were removed from the retail 
markets and only the higher priced -eggs remained the total con-
sumption of eggs would no doubt be reduced. But the elimination 
of dirty eggs from the retail markets removes only one of the lower 
priced grades and sufficient quantities of lower quality eggs remain 
for the lower income groups of purchasers. If the methods re-
ported here were generally applied to the industry the appearance 
of all eggs marketed would be improved and more high quality eggs 
would be available for the higher income groups. The national 
income from eggs would no doubt be increased because consumer 
demand would be stimulated and more high quality eggs would be 
available. 
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